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DETAILED ACTION 

Claim Rejections - 35 USC § 103 

1 . The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed 
or described as set forth in section 102 of this title, if the differences between the 
subject matter sought to be patented and the prior art are such that the subject 
matter as a whole would have been obvious at the time the invention was made 
to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was 
made. 

2. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 
USPQ 459 (1966), that are applied for establishing a background for determining 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

3. This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 
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4. Claims 1-3, 5-7, and 11-13 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Negami et al (U.S. 6,259,016) in view of Contreras et al ("High 
Efficiency Cu(ln, Ga)Se2-Based Solar Cells: Processing of Novel Absorber Structure", 
First WCPEC; Dec. 5-9, 1994.P 68-75) and in further view of Banda et al (WO 
03/043096). 

5. Regarding claim 1 , Negami et al disclose a solar cell. The solar cell comprises: 
(1) a first electrode layer 12 (Figure 1; col. 5, line 5); (2) a second electrode layer 15 
(Figure 1; col. 5, line 8); (3) a p-type semiconductor layer 13 interposed between the 
first and the second electrode layer (Figure 1; col. 5, line 6 & 17-19); and (4) a n-type 
semiconductor layer 14 interposed between the p-type semiconductor layer and the 
second electrode layer (Figure 1 ; col. 5, line 7 & 35-37). Negami further teaches that a 
Cu(ln, Ga)Se 2 film that has a chalcopyrite structure is used as the semiconductor layer 
13 (col. 8, line 65-67). 

6. With respect to band gap in claim 1 , it varies with the components of 
semiconductor. As taught by Negami, a Cu(ln, Ga)Se2 film is used as a light-absorb 
layer having a band gap of about 1 .2 eV (col. 8, line 65-67) and a CdS film is used a 
window layer having a band gap of about 2.4 eV (col. 7, line 23-27 & 35-40). In this 
case, a band gap between a Cu(ln, Ga)Se2film (i.e. p-type semiconductor layer) and a 
CdS film (i.e. n-type semiconductor layer) is about 1 .2 eV and a band gap between a 
Cu(ln, Ga)Se 2 film (i.e. p-type semiconductor layer) and a Mo metal film (i.e. first 
electrode layer, col. 5, line 15-16) is about 1.2 eV. 
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7. Negami fails to the p-type semiconductor comprising a first region and a second 
region. However, Contreras et al disclose a high efficiency Cu(ln, Ga)Se 2 -Based Solar 
Cell that is engineered a higher Ga content toward the back of the CIGS absorber 
(Figure 9b, page 71 the third paragraph). Contreras further teaches that the higher Ga 
content found toward the back gives the wider bandgap composition, hence better 
conversion efficiency (page72 the first paragraph & abstract). The absorber layer of 
Contreras can be divided as a higher Ga content region and a lower Ga content region. 
Therefore, it would be obvious for one having ordinary skill in the art to engineer a 
higher Ga content toward back of the light-absorbing layer as taught by Contreras in the 
device of Negami in order to enhance the conversion efficiency. 

8. For the changing rate of the bandgap in the different regions, Banda et al define 
the gradient (slope) of the bandgap as the rate of change in the band energy with 
respect to the thickness as is well known in the art (page 32, line 8-15). In the first 
region, the changing rate of bandgap is determined by the bandgap and the thickness of 
the first region as defined by Banda. Since the bandgap can be controlled by changing 
the Ga content in the absorber layer as taught by Contreras, one having ordinary skill in 
the art would have find obvious to adjust the components of the semiconductor layer 
and/or the thickness in the second region in order to optimize the bandgap changing 
rate, achieving a better conversion efficiency of the solar cell. 

9. Regarding claim 2, in the teaching of Negami, a Cu(ln, Ga)Se 2 film is used as a 
light-absorb layer having a band gap of about 1.2 eV (col. 8, line 65-67) and a CdS film 
is used a window layer having a band gap of about 2.4 eV (col. 7, line 23-27 & 35-40). 
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In this case, a band gap between a Cu(ln, Ga)Se2 film (i.e. p-type semiconductor layer) 
and a CdS film (i.e. n-type semiconductor layer) is about 1 .2 eV, reads on "a band gap 
of the p-type semiconductor layer on the main surface at the n-type semiconductor layer 
is at least 1 .2 eV" as claimed. 

10. Regarding claim 3, a band gap between a Cu(ln, Ga)Se2 film (i.e. p-type 
semiconductor layer) and a Mo metal film (i.e. first electrode layer, col. 5, line 15-16) is 
about 1 .2 eV when a Cu(ln, Ga)Se2 film is used as a light-absorb layer having a band 
gap of about 1 .2 eV (col. 8, line 65-67) in Negami's cell. Moreover, Negami further 
indicates that in the case of the solar cell including CIGS fillm, it is possible to control 
the band gap by changing the ratio of Ga and In. Therefore, one having ordinary skill in 
the art would have found obvious to adjust components of semiconductor in order to 
optimize the band gap to achieve better conversion efficiency of a solar cell. 

1 1 . Regarding claim 5, Negami teaches a Cu(ln, Ga)Se2 film as the semiconductor 
layer 13 (col. 8, line 65-67), reads on " the group lb element is Cu, the group 1Mb 
element is at least one element selected from the group consisting of In, Ga, and Al, 
and the group Vlb element is at least one element selected from the group consisting of 
Se and S" as claimed. 

12. Regarding claim 6, the absorber layer of Contreras is engineered a higher Ga 
content toward the back of the CIGS absorber (Figure 9b, page 71 the third paragraph). 
Therefore, it would be obvious for one having ordinary skill in the art to engineer a 
higher Ga content toward back of the light-absorbing layer as taught by Contreras in the 
device of Negami in order to enhance the conversion efficiency. 
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13. Regarding claim 7, Negami fails to teach the p-type semiconductor having an 
increasing Ga ratio from the n-type semiconductor layer side to the first electrode layer 
side. However, Contreras et al disclose a high efficiency Cu(ln, Ga)Se2-Based Solar 
Cell that is engineered a higher Ga content toward the back of the CIGS absorber 
(Figure 9b, page 71 the third paragraph). Contreras further teaches that the higher Ga 
content found toward the back gives the wider bandgap composition, hence better 
conversion efficiency (page72 the first paragraph & abstract). Therefore, it would be 
obvious for one having ordinary skill in the art to engineer a higher Ga content toward 
back of the light-absorbing layer as taught by Contreras in the device of Negami in order 
to enhance the conversion efficiency. As is well known in the art, the gradient (slope) of 
the ratio is defined as the rate of change in the ratio number with respect to the 
thickness. In the first region, the changing rate of ratio is determined by the ratio 
number and the thickness of the first region. Since the ratio number can be controlled 
with the method as taught by Contreras, one having ordinary skill in the art would have 
find obvious to adjust the Ga content and/or the thickness of the second region in order 
to optimize the ratio changing rate, achieving a better conversion efficiency of the solar 
cell. 

14. Regarding claims 11-13, Negami indicates that the conversion efficiency is 
reduced when the ratio of Ga/(Ga + In) is higher than 0.5 (col. 6, line 54-64). As taught 
by Contreras, the higher Ga content found toward the back gives the wider bandgap 
composition, hence better conversion efficiency (page72 the first paragraph & abstract). 
Therefore, it would be obvious for one having ordinary skill in the art to provide a p-type 
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semiconductor layer with a lower ratio of Ga on the main surface of n-type 
semiconductor layer side and a higher ratio of Ga on the main surface of the first 
electrode layer side as taught by Contreras while maintain a ratio of Ga lower than 0.5 
within the p-type semiconductor layer in the device of Negami in order to improve the 
conversion efficiency of a solar cell. 

15. Claim 9 is rejected under 35 U.S.C. 103(a) as being unpatentable over Negami 
et al (U.S. 6,259,01 6) in view of in view of Contreras et al and in further view of Takeshi 
et al (JP 11274526). 

16. Regarding claim 9, Negami/Contreras fail to teach a solar cell comprising Al. 
However, Takeshi et al disclose a semiconductor thin film with CIS-based chalcopyrite 
structure comprising Cu (ln z , Ali_ z ) Se2 (paragraph (001 2) of [Means for solving the 
problem]). The reference also indicates that Al content continuously changes toward the 
back of the CIS film (Abstract; paragraph (0017) of [Means for solving the problem]). 
Takeshi further teaches that the change of Al content toward the back varies the 
bandgap of semiconductor (paragraph (001 1 ) of [Means of solving the problem]). 
Therefore, it would be obvious for one having ordinary skill in the art to engineer a 
change of Al content toward back of the light-absorbing layer as taught by Takeshi in 
the device of Negami/Contreras in order to enhance the conversion efficiency. As is 
well known in the art, the gradient (slope) of the ratio is defined as the rate of change in 
the ratio number with respect to the thickness. In the first region, the changing rate of 
ratio is determined by the ratio number and the thickness of the first region. Since the 
ratio number can be controlled with the method as taught by Takeshi, one having 
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ordinary skill in the art would have find obvious to adjust the Al content and/or the 
thickness of the second region in order to optimize the ratio changing rate, achieving a 
better conversion efficiency of the solar cell. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Xiuyu Tai whose telephone number is 571-270-1855. 
The examiner can normally be reached on Monday - Friday, 7:30 AM - 5:00 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Alexa Neckel can be reached on 571-272-1446. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/X. TV 

Examiner, Art Unit 1795 
/Alexa D. Neckel/ 

Supervisory Patent Examiner, Art Unit 1795 



